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Substratum Affects the Gametophyte Development and Reproduction 
of Sinopteris grevilleoides (Sinopteridaceae) , 
an Endangered Fern Endemic to China 


WANG Wei-Qing’’*, CHENG Xiao’* , JIAO Yu’. CHEN Gui-Ju’ 
(1 Botanical Garden, Kunming Institute of Botany. Chinese Academy of Sciences , Kunming 650204, China; 
2 Graduate University of Chinese Academy of Sciences , Beijing 100049, China; 


3 Jining Institute of Agricultural Sciences. Jining 272031, China) 


Abstract; Sinopteris grevilleoides is an endangered fern endemic to the region of Yunnan and Sichuan in 
southwest China. In this study, we investigated the effects of four different culture substrata on the develop- 
ment of gametophyte and reproduction of this fern. Cultured on different culture substrata, the fern showed 
different morphology of gametophyte. In humus soil. cordate prothalli did not bear archegonia, and thus the 
process of sexual reproduction of S. grevilleoides could not be finished. The substratum composed of humus 
soil and original soil in ratio of 1 + 1 was the most suitable substratum for gametophyte development and sex- 
ual reproduction of this species. Otherwise, infant sporophytes needed extra nutrient solution to sustain its 
growth on improved Knop's agar medium. 

Key words: Sinopteris grevilleoides ; Gametophyte; Morphological development; Reproduction; Culture sub- 


stratum 


Sinopteris grevilleoides (Christ) C. Chr. et (Ching and Shing, 1990). Declining rapidly in 


Ching (Fig. 1), a rare and endangered species population size and on the verge of extinction, it 
endemic to China, has a scattered distribution has been listed as a plant of second-class protec- 
only in Sichuan and Yunnan in southwest China tion in The List of Chinese Urgently Protected 
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26 z MH fh Ww WH Ss 32 4% 
Wild Plants (Yu » 1999). Previous studies of Table 1 The results of chemical property analysis 
this species mostly focused on its system posi- of the-soil ligan ESE) 

5 Testing items Original soil H s soil 
tion (Guo et al., 1992; Zhang et al., 2007), Se = = 

pH 6. 58+0. 01 4.2340. 03 

while little work has been done on its gameto- Organic matter (%) 3. 73640. 03 36. 08+0. 06 
phyte development and reproduction strategy. Total N 0%) 0.1990. 00 0. 93 £0. 01 
The eff f cul b Total P (%) 0.071+0. 00 0.140. 00 
e effects of culture substratum on gameto- Total K (mg/kg) Se cee 

phyte morphological development and reproduc- Available N (mg/kg) 24.7644. 93 231. 87+3.01 

r y r : ; . > Availa P k 7.0140. 21 56. 7742. 36 
tion of Sinopteris grevilleoides were investigated vallaha: SET Ee 

Available K (mg/kg) 57. 6622. 89 404. 7342. 97 
here. Gametophyte and infant sporophyte deve- Potent Ca (mg/kg) 4462.65+0.01 468. 96+4. 18 
lopment and the reproduction characteristics of Available Mg (mg/kg) 264. 30Æ0. 01 175. 89£0. 54 

Ë . f diff l b Available Zn (mg/kg) 6170.01 16. 090. 20 
the species on four different culture substrata Available Fe (mg/kg) re TIT 
were reported. The information obtained will Available (mg/kg) B 0. 810. 03 1. 100. 00 

: : : chs : i S 80S 1 5 . 85+0. 
provide a basis for its artificial propagation and Available S (mg/kg) 290s See 
conservation (Mean and SE numbers in the above table were calculated with 

a . 
the results of three parallel tests) 


1 Materials and Methods 


1.1 Spore collection 

Spores were obtained from fertile fronds of sporo- 
phytes. Pinnae were left to dry at room temperature in 
paper envelopes to facilitate the opening of the sporangia 
and expulsion of the spores. Spores were separated from 
fragments of fronds and sporangia, then stored in refrig- 
erator at about 4°C. Voucher specimens are deposited in 
the Herbarium of Kunming Institute of Botany, Chinese 
Academy of Sciences (KUN). 
1.2 Soil culture 

For Culture 1— 3, spores were sown in three different 
soil substrata: humus soil, mixture soil composed of humus 
soil and original soil in ratio of 1 : 1 and original soil, which 
were marked as Culture 1, Culture 2 and Culture 3 respec- 
tively. The humus soil was collected under the mixed conifer- 
ous broad leaved forest in Yunnan Province. The original soil 
was collected from the habitat of Sinopteris grevilleoides - 
Dayao, Yunnan. The results of chemical property analysis of 
the two kinds of soil are presented in Table 1. The pH of the 
mixture soil was 6. 0—6. 5. The soil substrata were sterilized 
by sautéing in the Chinese way for forty minutes at the tem- 
perature of 140— 160°C , and then sub-packaged in 12 cm di- 
ameter petri dishes after cooled. The depth of soil in the petri 
dishes was about 0. 5 cm. The surface of the substratum was 
kept smooth and substantial, and then the soil was soaked by 
cool boiled water. Finally, the spores were rinsed with steri- 
lized water for four times, and then sown evenly at an average 


density of 200—300 spores per cm’. 





1.3 Improved Knops agar medium culture 

For Culture 4, the spores were sterilized with 4% so- 
dium hypochlorite for 5 min then rinsed with sterilized 
water four times; between rinses spores were centrifuged 
at 3500 r/min for five times (AD-72 centrifuge). After 
that, the spores were sown evenly at an average density of 
200— 300 spores per cm’ in 6 cm diameter petri dishes. 
The medium was improved Knop's agar medium (Liu et 
al., 1991) and the pH of this medium type was 6. 8. 

Every culture was set fifteen repetitions. All cultures 
were kept in the dark at 25°C for 24 h then transferred to 
the lab with artificial light (pink fluorescent illumination) 
at 1000— 1500 Ix under a diurnal cycle of 12/12 h. The 
temperature was 22— 28°C during illumination and 14 — 
18°C in dark. Through the entire process, soil cultures 
were moistened with cool boiled water to prevent desicca- 
tion, and to help the opening of antheridia and the move- 
ment of antherozoid in the later stage. On the original soil 
(Culture 3), prothalli, which stopped growing after bear- 
ing antheridia and archegonia, were transplanted from 
three petri dishes to one petri dish, and then were sprayed 
with water twice a day. 

Morphological development was observed under the 
optical microscopes (OLYMPUS BX51) and anatomical 
lens (OLYMPUS SZ61). For observations, gameto- 
phytes and infant sporophytes were removed from culture 
and mounted in water. Morphological characteristics of 


fresh gametophytes were recorded with optical CANNON 
POWERSHOT A640 camera. 











14 WANG Wei-Qing et al.: Substratum Affects the Gametophyte Development and Reproduction ... 27 








2 Results 

The gametophyte morphological development of 
Sinopteris grevilleoides on different culture substra- 
ta varied and the details were showed in Table 2. 
The spores on the mixture soil composed of humus 
soil and original soil in ratio of 1 : 1 (Culture 2) be- 
gan to germinate at 8—12 days after sown, similar 
to the spores on the Knop’s agar medium (Culture 
4), 8—15 days earlier than that on the humus soil 
(Culture 1), and 1—9 days earlier than that on the 
original soil (Culture 3). The rates of spore germi- 
nation in Culture 2 and Culture 4 were over 67% 
(Table 2). 

Filaments all had 3—7 cells and rarely branched 
on the three kinds of soil media, while bifurcation of 
filaments on the Knop's agar medium (Fig. 9) was 
apparent-the rate of branched filament reached up to 
25%—30% (Table 2). 

The morphology of cordate prothalli on dif- 
ferent culture substrata differed significantly 
from each other. The cordate prothalli elongated 
and the margins of the wings were slightly 
curved on the humus soil (Culture 1) (Fig. 2). 
The cordate prothalli grew wider with the 
smooth wing margins on the mixture soil (Cul- 


ture 2) (Fig. 3). The shape of cordate prothalli 


Table 2 


Culture 1 


Gametophyte morphogenesis 


(humus soil) 


on the original soil (Culture 3) was similar to 
that on the mixture soil but a little longer 
(Fig. 4). On the Knop’s agar medium, the pro- 
thalli are butterfly-shaped with flexuous wing 
margins (Fig. 5). 

The prothalli were bisexual although the 
antheridium and archegonium occurred on each 
prothallus asynchronously. The prothalli on the 
humus soil no longer developed archegonia after 
they had given birth to antheridia and the pro- 
thalli grew continuously into large irregular 
green lamina (Fig.6) by keeping the soil sub- 
stratum’s moisture at more than 60%. 

On the original soil (Culture 3), most pro- 
thalli stopped growing after bearing antheridia 
and archegonia; the formation rate of young spo- 
rophytes was only 20%, even though the culture 
moisture was kept at more than 90%; when all 
the prothalli in three petri dishes were transplan- 
ted to one petri dish. the rate was improved 
from 20% to 60%. The prothalli had born an- 
theridia before they grew into cordate on the 
Knop’s agar medium (Fig. 8). The prothalli on 
the mixture soil medium usually produced more 
antheridia and archegonia than those on the agar 


medium. 


Gametophyte morphological development of S. grevilleoides on four culture substrata 


Culture 2 

Culture 3 Culture 4 
(humus soil: 

(original soil) (Knop'’s agar) 


original soil =1; 1) 





Spore germination (d) 20—23 
Rate of spore germination (%) 10-15 
Number of filament cells (unit) 3-7 
Ratio of branched filament (%) 0 
Second dimensional growth (d) 29 
Cordate prothallus (d) 37 
Ratio of the length and width of the prothallus L4=—1.6 
Antheridia appearance (d) 46 
Antheridia number (u/p) 14—16 
Archegonia appearance (d) Non 
Archegonia number (u/p) Non 
Infant sporophyte appearance (d) Non 
Rate of prothallus developing into sporophyte ( % ) 0 


8—12 13= 15 Ti 
67—73 18—20 68—75 
Si 3—7 4—8 

0 0 25—30 
14 20 12 
29 32 25 
0.6—0. 8 Li—1.3 <0.5 
30 45 23 
20—57 16—20 17—24 
50 74 46 
11—20 T—=13 6—14 
93 122 114 
70 20 60 


d=day (number of days from seeding spores to firstly observing every stage of gametophyte morphological development) , 


u=unit, p=prothallus. (All values in the above table were mean values of results of at least ten cyclical tests) 
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Figs. 1—5  Cordate prothalli 


1. Habitat of S grevilleoides (Dayao, Yunnan, China, alt. 1 350 m, Aug. 4, 2008); 2. (Culture 1, 37 d); 3. (Culture 2, 25 d); 4. (Culture 
3, 32 d); 5. (Culture 4, 29 d). d=day (days from seeding spores to firstly observing cordate prothalli). (1: bar=3 cm; 1—5: bar=150 pm) 


On the Knop’s agar medium (Culture 4), case of one prothallus with more than one meristem- 
some spores developed into two filaments and the atic zone frequently occured (Fig. 9); infant sporo- 


filaments both grew into prothalli (Fig. 10); the phytes stopped growing after the first primary 
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leaf or the second one came out (Fig. 11) and lution; the rate of prothalli developing into sap- 


their constant growth needed extra nutrient so- rophytes reached up to 70%. 

















ee 


Figs. 6—11 Gametophyte morphology of S. grevilleoides 








6. Large irregular green lamella (Culture 1, 48 d, bar=160 pm); 7. Prothallus with several meristematic zones (Culture 4, 38 d, 
bar=120 pm); 8. Non-heart-shaped prothallus with antheridias (Culture 2, 20 d, bar=120 pm); 9. Bifurcate filament 
(Culture 4, 25 d, bar=50 pm); 10. Filament and lamellar structure developing from one spore (Culture 4, 30 d, bar=70 um); 

11. Infant sporophytes (Culture 4, 155 d, bar=200 pm). 


d=day (days from seeding spores to firstly observing the morphology shown); an=antheridium; MZ=meristematic zone 


3 Discussion sexual reproduction of S. grevilleoides couldn’ t 
Our observation showed that the mature cor- finished. Obviously, the humus soil was not 
date prothalli on the humus soil didn’t develop suitable for the spore propagation of this fern. 


archegonia, and, thus, the normal process of That the pH of the humus soil was too low was 
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probably the reason. On the mixture soil com- 
posed of humus soil and original soil (1 : 1) 
(Culture 2), the spores germinated and devel- 
oped earlier than that on the humus and original 
soil, and the rates of spore germination and pro- 
thallus developing into sporophyte were both the 
highest among the four cultures. The mixture 
soil provided the fern not only with suitable pH 
6.0—6.5, but also with abundant organic mat- 
ter and available mineral elements suchas N, P, 
and K. Thus the mixture soil is most favorable 
for the spore propagation of this species among 
the three examined soil substrata. 

Gametophytes of S. grevilleoides all formed 
nearly symmetrical, cordate prothalli at a young 
stage though the shapes of prothalli on each me- 
dium were not all the same. It was reported that 
the growing density influenced the shape of pro- 
thallus (Cao et al., 2003). It was also showed 
that the contents of N. P. K, and Ca in the soil 
affect the early development of the fern repro- 
duction by spores (Suzuki et al., 2005). In our 
study, though the spores all were sown evenly at 
an average density of 200 — 300 spores per cm’ 
for each culture, the rate of spore germination 
on four culture substrata was different, which 
made the density of cordate prothalli on each 
culture substratum differ. It was unclear that 
which factor, different density of cordate proth- 
alli or different physical and chemical nature of 
each substratum, resulted in different shapes of 
cordate prothalli. 

The most common sequence of sexual devel- 
opment in homosporous ferns involves the for- 
mation of antheridia followed by archegonia (At- 
kinson and Stokey, 1964). However, Prada et 
al. (2008) reported that in the case of Pteris in- 
completa progression of sex expression varied 
depending on the culture medium, namely, fe- 
male gametophytes developed earlier than male 
ones on soil cultures. In this research, the se- 


quence of sexual expression appeared to be inde- 


pendent of substrate type. The male gameto- 
phytes developed initially and the female ones 
later, which brought into correspondence with 
most taxa (Haufler and Ranker, 1985). 

On the original soil, the rate of prothallus 
developing into sporophyte improved greatly af- 
ter transplanting; accordingly, it was more than 
likely the previous low formation rate of sporo- 
phyte was caused by the low density of cordate 
prothalli on the substratum, and the low density 
of prothalli was resulted from the low rate of 
spore germination on the original soil. 

Stokey (1951) reported that unfavorable con- 
ditions promoted filamentous growth. In this 
study, on the Knop’s agar medium, the spores 
of S. grevilleoides germinating later tended to 
grow long filaments or one spore developed into 
two filaments and some filaments always 
branched. The possible reason was the spores 
germinating later lacked adequate nutrients and 
space. According to Table 2, the antheridia and 
archegonia on the Knop’s agar medium (Culture 
4) appeared earlier than those on the mixture 
soil (Culture 2), however. infant sporophytes in 
Culture 4 appeared later than those in Culture 2. 
This indicated that the higher density of an- 
theridia and archegonia could promote the emer- 
gence of infant sporophytes. Unlike the investi- 
gation of Chen et al. (2008) —the prothalli on 
the improved Knop’s agar medium rarely pro- 
duced infant sporophytes, about 60% of prothal- 
li on the agar medium in this study produced in- 
fant sporophytes. This may be caused by the 
differences between species. The infant sporo- 
phytes stopped growing unless the nutrition was 
sufficient in Culture 4. 

Prothalli of most fern taxa are capable of regen- 
erating new prothalli from old ones (Atkinson and 
Stokey, 1964; Nayar and Kaur, 1971). In this 
study, the large irregular green lamina on the hu- 
mus soil (Fig.6) and the prothallus with several 


A . 1 . 
meristematic zones on the Knop s agar medium 
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(Fig. 7) suggested that S. grevilleoides may regen- 
erate new prothalli from old ones, but additional ob- 


servation was needed to prove it. 
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